Pinocembrin, a flavanone with a variety of biological activities was isolated from Eucalyptus sieberi leaves and quantified in several other Eucalyptus species using qNMR and HPTLC densitometry. The effect of different extraction procedures on the extraction of the compound from Eucalyptus sieberi was also studied. The methods were validated in terms of selectivity, specificity, linearity, recovery, precision and repeatability.
Pinocembrin (Figure 1 ) possesses a variety of biological activities, like antiproliferative, apoptotic [1] , anti-inflammatory [2, 3] , antifungal [4, 5] , insecticidal [6] and antimicrobial [7] . The compound has shown cytotoxicity against a variety of cancer cells, including normal lung fibroblasts, and is relatively nontoxic to human umbilical cord endothelial cells. Recently, its antiinflammatory activity has been assessed and it has been found that pinocembrin attenuates LPS-induced lung injury through suppression of IκBα, JNK and p38MAPK activation [1] .
In an earlier untargeted metabolomic study of Eucalyptus [8] , the presence of pinocembrin and related compounds (other unsubstituted B ring flavanones) in the subgenus Monocalyptus was identified as a major chemical difference between the two major subgenera of Eucalyptus (Symphyomyrtus and Monocalyptus). This difference was hypothesised to be responsible for differences in the feeding behaviour of several species of folivorous marsupials, through pinocembrin acting as an antifeedant. Thus, for both therapeutic and ecological reasons, pinocembrin is of wide interest.
In order to facilitate further studies in several fields, it is necessary to identify natural sources which can provide pinocembrin in higher yields. Leaves of Eucalyptus sieberi are reported as a good source of pinocembrin (0.05%) [9] , but efficient methods to extract this compound need to be developed. Herein, we present a validated qNMR method for quantitative analysis of pinocembrin in the Eucalyptus leaves and the results have been compared with HPTLC. Further, comparison of various extraction techniques for complete extraction of the compound from Eucalyptus sieberi is presented. Previously, pinocembrin has been quantified in propolis by HPLC and HPTLC [10] . This is the first report of the quantification of pinocembrin in Eucalyptus species by qNMR and HPTLC.
For qNMR analyses, the NMR spectrum of authentic pinocembrin (Sigma) was acquired and compared with the literature [11] . The NMR signal at  5.90 ppm representing H-6 was selected for quantification as it was well separated from other signals. 1,3,5trimethoxybenzene (TMB) was selected as the internal standard as its signals (3.70 and 6.09 ppm) were non-overlapping with signals of pinocembrin (Figure 2A and 2B ). In the case of HPTLC analyses, various solvent combinations were tried to resolve the spot of pinocembrin from other compounds in the extract and finally, hexane -ethyl acetate (7:3) was found to be the best suited for achieving resolution among compounds. R f values and UV spectra of the standard pinocembrin was used to confirm its identity in the samples ( Figure 2C and 2D). The results indicated the compound is present in good yields in Eucalyptus sieberi and hence the plant can be used for the large scale isolation of pinocembrin. 
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Method validation qNMR studies: The 1 H NMR spectrum of blank (containing 0.6 mL of solvent only) showed no extra signal except for the two accounted signals, one singlet at δ 3.45 for DMSO and the other singlet set at δ 0.00 for the internal standard TMS. No other signals were observed in the region utilized for quantitation. Two singlets at δ 3.77 for the methoxy and δ 6.10 for aromatic protons were observed in the NMR spectrum of the internal reference standard i.e. 1,3,5-trimethoxybenzene. The signal used for quantification was very well resolved from the other signals of the extract and of the internal standard. The spectra of three different samples containing increasing amount of analyte and a constant amount of internal standard were acquired to study linearity. It was inferred that the increase in the integral value of the signal of interest was linear with respect to the added amount of the compound in the sample to be analysed. For recovery studies, spiking was carried out by adding three different levels of compound to a solution of known concentration of extract, in triplicate. The average recovery was calculated by the formula: recovery (%) = (amount found -original amount)/amount spiked x 100 and was found to be 97.3 -102.5 % (Table 1) . To study precision, a sample was analyzed five times continuously. For the repeatability study, five different samples (prepared from the same extract) were analysed at the same time. The results are shown in Table 2 . Table 2 : Results of precision and repeatability studies for qNMR analysis. The robustness of the method was evaluated by varying three parameters independently: (1) the internal standard amount, (2) the number of scans (4, 16 and 32 scans) and (3) the relaxation time.
The results are presented in Table 3 . The variation in the amount of internal standard did not alter the integral values for the peak of interest as the RSD was 1.0 %. Moreover, running the experiment using a different number of scans such as 4 or 32 rather than 16 did not affect the measurement (RSD 1.1 %). The relaxation delay was also varied from 15 s to 1 s and 20 s, RSD was 1.5%. The LOD and LOQ were calculated by the standard deviation of the response σ and the slope S of a calibration curve obtained in the linearity study. LOD = 3.3 /S and LOQ = 10 /S, LOD was found to be 0.2 mg/mL and the LOQ was 0.7 mg/mL.
HPTLC analysis:
The method was validated following the protocol of Ferenczi-Fodor et al [12] . The specificity of the method developed was ascertained by comparing the R f of standard in the sample. The correlations of the spectra r (s,m) and r (m,e) were 0.999 for the standard. The λ max obtained from the spectra were 293 nm for pinocembrin. The relationship between the concentration of the standards and the peak response was apparently linear within the concentration range of 60-260 ng/band as suggested by a correlation coefficient (r 2 ) of 0.9976. A plot of the residuals against concentrations confirmed that calibration curves followed a linear trend. (Figure S1 given in supplementary information shows overlaid spectra of pinocembrin in the extracts).
Results of the method validation are presented in Tables T1, T2 and T3 in supplementary information indicating accuracy and precision of the method. A comparison of different extraction methods is shown in Table 4 . Results showed that Soxhlet extraction (SE) and accelerated solvent extraction (ASE) were more efficient than ultrasonic extraction (USE) for extraction of this flavanone. ASE at 80°C was more effective than ASE at 60°C and 100°C since incomplete extraction occurred at 60°C and more degradation at 100°C. E. sieberi and E. fraxinoides showed the highest content of pinocembrin. E. pauciflora also showed the presence of pinocembrin ( Table 5 , Figure 3 and Figures S2 to S5 given in supplementary information).
No pinocembrin could be detected in the other seven species of Eucalyptus. [8] shows that a range of other structures need to be considered before we can understand the ecological impact of pinocembrin.
Method used
Amount of (1) present in extract Table T4 in supplementary information. The plant material was frozen immediately after collection and then freeze-dried, crushed coarsely and stored at -20°C until extraction. Extraction: Soxhlet extraction (SE): Dried coarse leaf powder (10 g) was placed a soxhlet apparatus and extracted with methanol for 32 h. The solvent was evaporated to dryness to yield 3.2 g of methanol extract of Eucalyptus sieberi.
Ultrasonic assisted Extraction (USE): Dried coarse leaf powder (10 g) was placed in a 250 mL conical flask and 100 mL methanol was added. The mixture was sonicated in an ultrasonic bath at 40°C for 30 min. The extract was filtered and the marc was re-extracted with fresh solvent twice. The combined extracts were concentrated under reduced pressure to give 2.6 g extract.
Accelerated Solvent Extraction (ASE): Dried coarse leaf powder (10 g) was placed in a stainless steel cell and extracted with methanol. The extraction was performed at 100 bar and at three different temperatures: 60, 80 and 100 °C for 20 min (two cycles).
All the extracts were concentrated to dryness to get 3.3, 3.6 and 3.5 g methanol extract, respectively.
Accelerated Solvent Extraction (ASE) at 80 °C: All ten methanol extracts of dried coarse leaf powder (10 g) of different Eucalyptus species were prepared by ASE at 80 °C for 20 min (two cycles) and concentrated to dryness to get 3.9 g (E. sieberi), 4.4 g (E. rossii), 4.6 g (E. fastigata), 3.9 g (E. macrorhyncha), 3.8 g (E. fraxinoides), 4.7 g (E. agglomerata), 2.9 g (E. consideniana), 3.5 g (E. pauciflora), 3.1 g (E. dives) and 3.5 g (E. obliqua).
qNMR analysis: 10.3 mg of E. sieberi extract was mixed with 2.2 mg of 1,3,5-trimethoxybenzene and to it 0.6 mL of DMSO was added. A Bruker Avance III 400 spectrometer operating at a frequency of 400.13 MHz for protons, equipped with a 5 mm multinuclear inverse probehead was used for acquisition of NMR spectra. The spectra were acquired in a non-spinning mode at a calibrated probe temperature of 293 K. 16 scans of 32 K data points for free induction decay (FID) were acquired with a spectral width of 8012 Hz (16 ppm), preacquisition delay of 6 μs, acquisition time of 4 s, recycle delay of 15.0 s and a flip angle of 30º. The relaxation time T1 for the peaks used for quantification was determined for choosing the relaxation delay. The longest T1 was 2.7 s (for H-8 signal), therefore a relaxation delay was kept as 15 s (5 x 3s). Different relaxation times, 1s, 5s and 20s experiments were done in order to study the robustness of the proposed method. A flip angle of 30° (zg30) was used as it is considered a universal parameter for qNMR studies [13] . The spectra were Fourier transformed after zero filling to 64.1 K, giving a digital resolution in the frequency domain of 0.125 Hz/pt. Manual phase and baseline correction were performed prior to integration. Preliminary data processing was carried out with Bruker software, TOPSPIN 3.2. Analysis was done in triplicate. The quantity of pinocembrin in the studied samples was determined using the following general equation:
Wx = (Ax/As) (Ns/Nx) (Mx/Ms) Ws (1)
Where, Wx is weight of the analyte (per 0.6 mL of the solution), Ws is weight of standard, Ax is value of integral for analyte, As is value of integral of standard, Nx is number of protons of analyte integrated, Ns is number of protons of standard integrated, Mx is molecular weight of analyte, Ms is molecular weight of standard.
HPTLC analysis:
The samples were applied using a Hamilton micro liter (100 µL) syringe using a CAMAG LINOMAT 5 applicator, under a flow of N 2 gas with a dosage speed of 200 nL/s. The samples were applied as 6 mm wide bands at 12 mm from the bottom and 15 mm from both sides. The plates were developed in CAMAG Twin trough chambers and scanned using CAMAG TLC scanner 3. All of the operations were controlled by WinCats software.
Hexane: ethyl acetate (7:3) was used as the mobile phase for developing high performance thin layer chromatography plates. The plates were developed to a height of 9 cm from the application position. After developing, the plates were air dried for 2 min. The zone of reference of pinocembrin was scanned from 200 to 700 nm to record their UV spectra and to obtain its wavelength of maximum absorption (λ max) . Subsequent analysis of the reference compound was performed at its λ max with the following conditions: slit width 4 mm × 0.3 mm, scanning speed 20 mm/s and data resolution 100 mm/step. Linearity was studied by plotting different concentrations of standard against peak areas. A calibration curve of the standard was constructed at 6 points from mean values of areas obtained from triplicate runs. The area values were plotted against amounts spotted and calibration graphs were constructed using Microsoft excel, 2003.
Method validation qNMR analysis:
For linearity studies, increasing amounts of pinocembrin (1.9, 3.7, 6.2, 7.9 and 10.6 mg) were added to a constant weight of TMB (2.0 mg). To this, 0.6 mL of DMSO was added to thoroughly mix contents. Recovery of the compound was Sr.
No.
